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Voltage Sag ( )
Voltage Swell ( )
Phase Shift ( )
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Frequency Fluctuation ( )
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Momentary Interruption ( )
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1.4 PHV EV HV (48)
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GHG (Green House Gases) (50)
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1.14 LEAF to Home
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5 (58, 59, 60)
4 Insulated-Gate Bipolar Transistor (IGBT)
Single-Phase Bidirectional Battery Charger
6 IGBT 3












i-MiEV 16.0 kWh 200 V 15 A
7 3 kW
(64) Leaf 3.6 kW 200 V 15 A


















(a) On-Board Battery Charging System
(b) Off-Board Battery Charging System
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(b) (Contactless Battery Charger)
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2.2.1 Single-Phase Bidirectional Battery Charger
4
Single-Phase Bidirectional Battery Charger
2.4 Single-Phase Bidirectional Battery Charger














Single-Phase Bidirectional Battery Charger Single-



































































2.4 Kisacikoglu Single-Phase Bidirectional Battery Charger
2.2 Kisacikoglu Single-Phase Bidirectional Battery Charger
Operation number Active power Reactive powr Operation mode of the Charger
1 Zero Positive Inductive
2 Zero Negative Capacitive
3 Positive Zero Charging
4 Negative Zero Discharging
5 Positive Positive Charging and inductive
6 Positive Negative Charging and capacitive
7 Negative Positive Discharging and inductive
8 Negative Negative Discharging and capacitive
38 2
(c) Charging (d) Discharging
(a) Inductive operation (b) Capacitive operation

































(82) 2.4 (82) 2.5
3 kVA 3 3 kW
6 2.12 kW -2.12 kvar
2 -3 kvar





















Grid voltage 240 V
AC inductor 1.5 mH
DC link capacitor µ




dc-dc converter 40 kHz
2.5
Operation mode Active power Reactive power Rated power Simulation time
Mode3 3 kW 0 kvar 3 kVA 0-2 s
Mode6 2.12 kW -2.12 kvar 3 kVA 2-4 s
Mode2 0 kW -3 kvar 3 kVA 4-6 s
2.2. 41
2.2.2 Multi-Function Bi-directional Battery Charger
6 3 Multi-
Function Bi-directional Battery Charger
2.7 Zhou Multi-Function Bi-directional Battery Charger
3 240 V
120 V S S 3 (Grid-side
converter) S S DC-DC (Battery-side converter)
90





(4) 4 240 V LA
LB PWM 120 V
LA LN LB LN
LN 120 V 50%
120 V 5 kW 240 V 10 kW
DC-DC
DC-DC




(Proportional and Resonant (PR) Controlller)
42 2
EMI (Electro Magnetic Interference: ) EMI
EMI
Multi-Function Bi-directional Battery Charger V2G
V2H 3 2.9 Zhou Multi-Function Bi-directional
Battery Charger 2.10 Zhou
Multi-Function Bi-directional Battery Charger
PI
(a) V2G V2G






























THD 3.7% AC 120 V 5 kW THD
1.2%
120 V V2G PR+HC PI
PR+HC 9 PI
























































































































2.10 Zhou Multi-Function Bi-directional Battery Charger
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6600 V, 5.0 kVA, 60 Hz 105 V, 24 A
( 360 V)
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DC-DC Q Q OFF
DC-DC
Q OFF Q 3
PWM
(87, 88, 89) PI
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3.1 Phase Locked loop (PLL)
















































Load1 Load2 0.6 pu,
0.8 0.4 pu 0.9
Load2 0.8 pu 0.9 Load1 0.6 pu,
58 3
0.8 0.27 pu, 0.97
5 A




























Load1 (large load condition) 5.8 mH
( 0.6 pu, power factor 0.8 ) 2.9
Load1 (small load condition) 5.8 mH
( 0.27 pu, power factor 0.97 ) 8.0
Load2 6.3 mH
( 0.4 pu, power factor 0.9 ) 4.9
Filter inductor 0.46 mH
Filter capacitor µ
Switching inductor for
three-leg PWM recti®er 1.0 mH
DC capacitor µ
DC-capacitor voltage 385 V
Switching inductor for
bidirectional dc-dc converter 3.3 mH
Filter capacitor for
bidirectional dc-dc converter µ
Battery voltage 360 V
Battery current 5 A
Internal resistance of battery 72 m




















5 A 160 ms
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210 V 5.0 kVA
60 Hz 105 V 24 A
3.1
DSP (TMS320C6713 225 MHz) 3.2
DSP PEV
A/D 12 bit 0.1 ms DSP
DSP
DC-DC PWM
3 PWM 6-in-1 IGBT






















































































RAM 64 kword (32 bit )
RAM 2 Mword (32 bit )
Flash ROM 256 kword (16 bit )
PEV
3 PWM
















20.8 A, 15.5 A








































































































































































































































































4.3 1.0 0.9 3
PWM (a)
1.0 0.9 3 PWM
1.0
3.67 kVA 1.80 kW
3.19 kvar 0.9
2.03 kVA 1.80 kW 0.94 kvar
(b) 1.0 0.9 3
PWM
1.0 3.24 kVA
1.80 kW 2.69 kvar 0.9
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Load1 Load2 0.6 pu, 0.8
0.4 pu 0.9
Load2 0.4 pu
0.9 Load1 0.6 pu, 0.8
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Load1 (large load condition) 5.8 mH
( 0.6 pu, power factor 0.8 ) 2.9
Load1 (small load condition) 5.8 mH
( 0.27 pu, power factor 0.97 ) 8.0
Load2 6.3 mH
( 0.4 pu, power factor 0.9 ) 4.9
Filter inductor 0.46 mH
Filter capacitor µ
Switching inductor for
three-leg PWM recti®er 1.0 mH
DC capacitor µ
DC-capacitor voltage 385 V
Switching inductor for
bidirectional dc-dc converter 3.3 mH
Filter capacitor for
bidirectional dc-dc converter µ
Battery current 5 A
Internal resistance of battery 72 m


































( =1, 2, 3)
(=24 A) (4.27) 3
84 4
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210 V 5.0 kVA 60 Hz
105 V 24 A
4.1




3 PWM 6-in-1 IGBT






































































5 A 5 A
1.1%
(b) DC-DC




































3 PWM 6-in-1 IGBT module
600 V 30 A PM30CSJ060 600 V 20 A PM20CSJ060
Kemet PEH200YL4150M PEH200YT4220M (113, 114)
6-in-1 IGBT module 600 V 20 A 30 A
3
33% 3
3 PWM 150.2 cm 940 g













































































































6-in-1 IGBT module 6-in-1 IGBT module
600 V 600 V
30 A 20 A
33.3 cm 1 = 33.3 cm 33.3 cm 1 = 33.3 cm
60 g 1 = 60 g 60 g 1 = 60 g
µ µ
450 V 450 V
58.5 cm 2 = 117 cm 78.8 cm 1 = 78.8 cm















































































































































































2.03 kVA 1.95 kVA
0.087 kVA (b)





0.6 pu, 0.8 0.4 pu 0.9
Load2 0.4 pu 0.9 Load1























power flowing to 
filter capacitors
Instantaneous 
power flowing to 
the PWM rectifier 


















3.7% THD 2.4% 2.3%























































































































































































210 V 4 4.8
210 V 5.0 kVA 60 Hz 105 V 24 A
4.1













0.9 THD 4.9% 3.9%
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20.8 A, 15.5 A
9.9 A (4.27) 0.96 pu 5.7







timer0 read() timer1 read()
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